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(54) LED display paclaging with substrate removal and method of fabrication 



(57) A LED display package (60) and method of fab- 
ricating induding a LED array display chip (10) having 
connection pads (16) positioned about the perimeter of 
the LED ch^ (10), a separate driver chip (20) having co- 
nnection pads (28) routed to an uppermost surface, 
positioned to cooperatively engage those of the LED 
chip (10) when properly registered and interconnected 
using wafer level processing technology The LED chip 
(10) being f«p chip mounted to the driver chip (20) and 
having a layer of interchip bonding dielectric (52) posi- 
tioned between the space defined by the LED ch^ (10) 



and the driver chip (20). The display package (60) subs- 
equently having removed the substrate (12) onto which 
the LED array (14) «vas initially formed, thereby expos- 
ing the connection pads (16) of the LED chip (10) 
and a remaining indium-gallium-aluminum-phosphide 
(InGaAlP) epilayer (54). The light emitted from the LED 
chip (10), being emitted through the remaining indium- 
gallium-aluminum-phosphide (InOaAlP) epilayer (54) of 
the LED chip (10). 
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1 EPO- 

Itescripflon 

Field pf the Invention 

The present invention pertains to light emitting 
diode ffl'rays and more specifically to new and novel 
pada^ng and methods of packaging light emitting 
diode an-ays togettier with drive electronics. 

Background of the Invention 

Light emitting diodes (LEDs) are useful in various 
displays and especially in a new compact virtual display 
ttiat utilizes a two-dimensional array of LEDs as an 
image sourc& Generally, these two dimensional arrays 
include large numbas of light emitting devices, from 
5000 to 80,000 or more. A specific example exists 
where fte image source consists of a high pixel count 2- 
dimaisional array of LEDs, such as 240 columns by 1 44 
rows, for a total of 34,560 pixels An array the size of this 
specific example requires a total of 384 external Inter- 
coinections to properly scan, or activate, and produce 
an image thereon. The array of LEDs is used to form 
complete images containing pictorial (graphic) andAsr 
alphanumeric characters. The complete images are 
then magnified to produce virtual images which appear 
to an operator to be at least the size of a standard sheet 
o(psepm. 

A major protrfem facing the productizing of such 
arr^ is the penalty paid for this very large number of 
connection, or bond, pads required to provide informa- 
tion to the array. The foremost drawback Is the 
increased semiconductor chip or chip area required for 
the connection pads and the Interconnect fenout neces- 
sary to (xsnnect the connection pads to the rows and 
cdunns. A significant portion of the projected cost of 
the semiconductor chip on which the array is con- 
structed is in the starting material and, with the 240 x 
144 exanple set for wire bonded external intercon- 
nects, Ihe emitting region (light emitting diode an-ay) 
occupies less than 20% of the total chip area with the 
remaining 80% required for connection pads and inter- 
COTinect fan out Convertfonal direct chip attach (DCA) 
txjnding will Improve this ratio only slightly because of 
tfie large pad sizes and interconnect pitches associated 
witti the current state-of-the-art. 

A large bonding substrate area is also required 
since a simyar pad and interconnect feuiout pattern must 
be rep^ed on accompanying semiconductor chips 
containing ttie drive electronics. Furthernwre, the drive 
chips thems^ves must be large enough to «x»mmo- 
date the large nuntoer of connection pads (384 in this 
example). The net result is a large overall module which 
Is not attractive for the applications of portable elec- 
tronic dances where a premium is placed on small 
physical wjlumes. 

One way to alleviate package size problems in LED 
di^y packaging e to simplify the pad^e arKl assem- 
bly by in^i^ng ttie LED display directly with the driver 
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board, thereby minimizing the size requirement for both 
ttie display chip and the driver chip. Traditionally, there Is 
provided a plurality of driver and controller circuits 
mounted on a substrate, or in the alternative, mounted 

5 on an optically transparent substrate, having data input 
terminals and further having control signal output termi- 
nals interfaced with the leads of the light emitting 
devices for activating the light emitting devices to gener- 
ate images in accordance with data signals applied to 

10 the date! ir^ut terminals. 

In inorganic LED configurations, generally a semi- 
conductor substrate, or integrated circuit, is mounted on 
a printed circuit board or the like and the accepted 
method for connecting the subsft-ate to external circuits 

IS to use standard wire bond technotogy. However, when 
a semiconductor substi-ate having a relatively large 
an-ay of electrical components or devices formed ther- 
eon is to be connected, standard wire bond techniques 
can become very difficult. For example, if a relatively 

20 large array (greater than, for example, 10,000 or 100 x 
100) of light emitting diodes is formed on a substrate 
with a pitch (center-to-center separation) of R then con- 
nection pads on the perimeter of the substrate will have 
a 2P pitch. TNs is true because every other row and 

2S every other column goes to an opposite edge of the 
perimeter to Increase the distance between connection 
pads as much as possible. 

At the present time wire bond interconnects from 
connection pads having a pitch of 4,8 mils Is the best 

30 that is feasible. Thus, In the an'ay mentioned above of 
100 X 100 light emitting diodes the connection pads on 
the perimeter of the semiconductor chip would have a 
minhnum piteh of 4.8 mils, with 50 connection pads sit- 
uated along each edge of the perimeter. As more 

35 devices are included in the array, more connection pads 
are required and the perimeter size to accommodate 
the additional connection pads increases at an even 
greater rate. That is, since the minimum pitch of the 
bonding pads is 4.8 mils, the pitch of the devices in the 

40 an^ can be as large as 2.4 mils, or approximately 61 
microns, without effecting line size of ttie substrate. 
Thus, even if the devices can be fabricated smaller than 
61 mjcrons, the minimum pitoh of the bonding pads will 
not alow the perimeter of the substrate to be made any 

46 smsm. It can quickly be seen that the size of the sub- 
str^ is severe limited by the limitations of ttie wire 
bondff^ tedviotogy. 

Thus, thwe is a need for Interconnect and packag- 
ing structures and techniques which can substantially 

so reduce ttie limitations on size of LED display derices 
and sariconductor ct«ps and which can reduce tie 
anKHint of required si«^ce area. 

AxxMdir^ly. it is WgWy desirable to provide meth- 
ods of f^cating LED anays and interconnect appara- 

55 ftjsfKK*ages which overcome these problems. 

It is a purpcse of the present invention to provide a 
new and improved metfKXl of fobricating LED arrays 
and interconnect apparatus packages. 

It is a furttier fwrpcse of ttie present Invention to 
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provide a new and improved LED array and Integrated 
driver drcuitry padoging for driving large an-ays of 
UEDs. 

H is another purpose of the present invention to pro- 
vide new and improved integrated circuitry which s 
require less semiconductor chip area for large- arrays 

of dewces. 

It is anottier purpose of the present invention to pro- 
vWe a new and improved LED array and driver package 
witi a substantially improved fill factor. 10 

It is a still further purpose of ttie present invention to 
provide a new and improved method of fabricating LED 
ma^ and driver packaging which is simpler and nwe 
eff iaent ^nan prior methods and which is eaaiy adapta- 
ble to production levels. is 

Summary of the Invention 

The Mxwe probl^ns and others are substantially 
solved and ttie above purposes and others are realized 20 
in a mettKXl of fabricating a light emitting diode array 
and cWver package, utilizing substrate removal. Dis- 
closed in the present invention is a LED display pack- 
age cranpriseJ of an integrated circuit, including an 
addressable array of light emitting diodes (LEDs) 25 
famed on a substrate, with all of the LEDs being con- 
nected in rows and columns. The array of LEDs, which 
comprises the display chip of the present Invention, fur- 
ther having cwinection pads formed about the perime- 
ter of a display area defined in the display chip. There is 30 
provided as a s^rate component, a silicon (Si) driver 
wafer, onto which known good display chips are aligned 
and attached directly to known good driver chip sites. 

The irxJividual display chips of the present invention 
are designed to have a plurality of connection or bond 35 
pads routed to an area about the perimeter of the dis- 
play area of the display chip. The silicon (Si) driver chip 
is designed to have connection or bond pads formed in 
an upper major surface so as to cooperatively match the 
connscBon pais of the display chip once exposed and 40 
the display chip is propa-ly registered thereon. Interchip 
connections of the connection pads are made through 
wafer levd metallization. In addition, there is provided a 
frfuiality of bond pads routed to the perimeter of the Si 
driver chp which serve as separate external data input 45 
terminals. 

In torn^r^ the device of the present invention, the 
goal d maximizing product yi^d is achieved by attach- 
ing only known good display cNps to known good driver 
chp sites. To achieve this goal, during the fabricaticm so 
proc^, the LED arrays are wafer probed to screen out 
any bai arrays. Additionally, the array driver circurtry Is 
fdjricated on a silicon wafer, and tested to screen out 
any b^ chi|:». Once testing is ctmipiete, the display 
chip is flip chip mounted onto the known good driver 55 
chip sites contained on the whole silicon vrafer. A layer 
of interchip boncSng diriectric atiesive is posittoned 
between the dsf^ay chips and the driver chips. 

Nffld. the gallium arsenide (GaAs) siAslrate onto 



which the display chip was initially formed is selectively 
removed by etohing the whole assembly or selectively 
etching a release layer fomiKl in the LED structure, 
leaving the connection pads of the display chip and an 
indium-gallium-aluminum-phosphide (InGaAlP) ^ilayer 
exposed. Light is emitted from the display chip, in a 
direction opposite the mounting of the Si driver chp. 
The emission of light in this direction occurs without the 
interference of the typical metal line interconnections, 
thereby improving ttie display performance by allowing 
higher luminance and larger pixel fill factors. In addition, 
there exists the potential for higher yield, lower cost 
packaging by eliminating the standard wire bond inter- 
connects and size requirements presently known in the 
art. 

As a final step in the fabrication of the LED array 
and driver padtage of the present invention, vias are 
etched into the bonding dielectric layer and patterned 
metal interconnect lines are made between the connec- 
tion pads of the display chip and the connection pads of 
the driver chip using wafer level manufacturing technol- 
ogy 

Packaging the an-ay together with its drive electron- 
ics, by interfddng the required large number of connec- 
tion pads on the an^ay to the same number of 
connection pads of the associated electronic circuitry, 
as disclosed in the present invention, produces a manu- 
facturing process that is reliable and repeatable while 
maintaining small display and driver chips, overall com- 
pact package size, and cost effectiveness. 

Brigf PgSffiBtion pf tfig Drayyjngs 

The novel feature believed characteristic of the 
invention are set forth in the claims. The inventton itself, 
however, as well as other features and advantages 
thereof will be best understood by reference to detailed 
descriptions whroh follow, when read in conjunctfon with 
the accompanying drawings, wherein: 

FIG. 1 is a simplified cross-sectional view illustrat- 
ing a light emitting dfode display chip and driver 
chip in acOTrdance with the present invention; 
FIG. 2 is a simplified and enlarged top view of a 
whole silicon wafer of the present invention, having 
LED display chips attached to driver chip sites; 
FIG. 3 is a simplified cross-sectional view illusfrat- 
ing a nKilti-layer embodiment of a light emitting 
diode chip of the present invention; 
FIG. 4 is a simplified cross-sectional view illustrat- 
ing a light emitting diode display chp of the present 
inventkjn flip chip attached to the Si driver chip; 
FIG. 5 is a simplified cross-sectional view illustrat- 
ing a light enitfing diode display chip flip mounted 
to ttie Si drirer chip, in which the GaAs substrate of 
the light enrtfing dkxle display chip has been 
removed in accordance with the present invenUon; 
and 

FIG. 6 is a simplified aoss-sectional view illustrat- 
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ing final fadoging of the light emitting display 
padsge in which the connection pads of the driver 
chip have been exposed, having metal interchip 
int^cmnects formed between the connection pads 
of ttw disf^y chip and the driver chip. 

D^rioBcyi of tie Preferred En^3odime^t 

During the course of this description, like numbers 
are used to identify like elements and st^ in the tebri- 
cation of the LED array and driver substrate paclege 
aa:ording to the different figures that illustrate the 
pr«ent inventkwi. 

Refen-'n^ specifically to FIG. 1, a first structure in 
the fEixicaCon process of a light emitting diode display 
package, conprised of a light emitting diode array dis- 
play chp 10, made up on an array of light emitting 
diodes, and having a cooperating driver chip 20, is illus- 
trated in simplified sectional views. Light emitting diode 
(LEO) an-ay displ^ chip 10 and driver chip 20 are 
shown in FIG. 1 as separate components, prior to flip 
chf) attachmoit Illustrated is LED an-E^ display chip 10 
wfnch sbiicturally includes a substrate 12 having a LED 
disf^s^ array 14 formed thereon using any of the cur- 
rently known methods for forming Indium-gallium-alumi- 
num-0K)sphide (InGaAlP) LED display arrays. 

Barring more specifically to FIG. 1, LED array dis- 
play diip 10, formed according to any of the conven- 
tional methods for forming InGaAlP LED an-ays known 
in the art, as well as those disclosed herein, is shown 
having (fisplay crainection pad 16 formed and routed 
about tie perimeter of a display area 18 of LED array 
dspte^ chip 10. The pads 16 are formed about the 
perimeter of display area 18 of LED display array 14, 
positoed in row and column formation. 

In tWs ^edfic exanple, display array 14 has a dis- 
play wfliBi a 240 X 144 pixel resolution. Thus, the size of 
actual display area 18 is approximately 4.8 mm x 2.88 
mm. TTie number of connection pads 16 required for 
display array 14 is 384 (240+1 44=384). According to the 
present invention, connection pads 1 6 are formed about 
the pa-imeter of display chip 10 as previously 
described. 

M iustrated, a silicon (Si) driver chip 20, initially 
formed on a whole silicon driver wafer (illustrated in FIG. 
2), (xjnfains all necessary array drivers, control elec- 
tronics and memory needed to form a fully functional 
dsplay module when the SI wafer is diced, schemati- 
caOy r^ed to in tNs disclosure as drive electronics 
22. Drwer ch^j 20 is fabricated on a sito^ate 24 arri 
has tomed on an uppermost surface 26 of chip 20, a 
plurality of cooperating driver connection pads 28 to 
tlxse pads 16 of LED array device 10. By positioning 
COTinection pads 16 and 28 In an essentially planar 
cooperative fo-mation, directly adjacent and about the 
perime*er of display area 18 and on uppermost surface 
26 of driver chip 20 respectively, the typical space 
required for the fan out of the conventional leads and in 
Ms instance, the actual connectkvis is deaeased, 



thereby making the fabrication of the device more eco- 
nomical. There may be provided in addition to connec- 
tion pads 28 of driver chip 20, a plurality of external 
interconnection pads (not shown) serving as data input 

5 terminals. 

During this initial step in the formation of the LED 
display and driv©- padoge of the present invention, 
additional steps can be taken to ensure the efficiency of 
the final package. Referring to FIG. 2, shown In top view 

10 is a whole silicon wafer 30 of the present invention. It is 
disclosed to fabricate the plurality of LED arrays 14 on a 
dl^Ey wafer, using wafer probe techniques to screen 
out bad anays. In addition, the array driver circuitry is 
fabricated on silicon wafer 30 and can be tested to 

IS saeen out any bad chips, prior to the flip chip mounting 
of LED an-ay d^ay chips 10 to Si driver chips 20. Illus- 
trated in FIG. 2 is a top view of whole silicon wafer 30 
having formed thereon a plurality of Si driver chips, or 
driver sites, shown as functional driver chips 32 and 

so non-functional driver chips 34. During the fabrication of 
the LED display and driver package disclosed herein, 
the prescreened LED arrays 14 are bonded to the fully 
functional driver chips 32. No LED arrays 1 4 are bonded 
to the non-functional driver chips 34. Illustrated Is the 

25 resulting SI wafer 30. This Step of prescreenlng enable 
product yield to be maximized bry rejecting non-func- 
tional LED arrays 14 and non-functional driver chips 34 
during the initial steps of the fabrication process. Once 
the interconnect metallization patterning and etching 

30 away of substrate 1 2 are complete, the Si wafer 30 can 
be diced Into display modules producing a plurality of 
individual single chip displays for virtual imaging. 

In a first specific example, and as illustrated in FIG. 
3, one such method for forming an InGaAlP LED struc- 

35 ture 40 of the present invention Includes substrate 12 
having an upper surface on which is positioned, in the 
following order, an etch stop layer 41 , a conductive layer 
42, a ftfst carrier confinement layer 44, an active layer 
46, a second carrier confinement layer 48 and a con- 

40 ductive cap layer 50. It is understood that etch stop layer 
41, conductive layer 42, and first can-ier confinement 
layer 44 nust be substantially transparent to allow for 
the passage of the li£^ emitted from active layer 46 
back ttwough these lay«s once substrate 12 has been 

45 selective removed. In this specific fabrication of LED 
displ^an-^ 14. substrate 12 is formed of gallium arse- 
nide (GaAs) so that strata 12 is a semiconductor. 
Etch fltap If^er 41 is fomned of a transparent non-con- 
ductive layer, and facilitates the removal of substrate 12. 

50 In the alternative, etch stop layer 41 could be a release 
layer (not shown), formed of a material such as alumi- 
num arsenide (AlAs), allowing for the release layer to be 
selectively etched avray thereby separating substrate 
12 from the remaining LED epilayer structure. Conduc- 

55 five layer 42 is a substantially transparent layer of either 
GaAs or InGaAlP epitaxially grown on the surface of 
etch tc^ layer 41 and is heavily doped (10^^ or greater) 
wHh a dopant such as selenium, silicon, etc. to mate it 
a relatively good N+-type conductor. In this specific 
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m«wcl of febricating LED display array 14. conductive 
layer 42 is grown to a thidgi^ of less than 500 ang- 
stroms so that it remains sutjstantially transparent. First 
CEBrier confinement layer 44 is a transparent layer of 
indium-gallium-aluminum-phosphide (InGaAlP) epitaxi- 5 
ally grown on the surface of conductive layer 42 and 
doped (10"-10^^) with silicon for N-type semiconduc- 
tivity Can-ier confinement layer 44 is grown to a thick- 
ness in ttie range of approximately 1000-8000 
angstroms, yet remaining transparent to allow for the w 
passage of the emitted light from active layer 46. Active 
layer 46 is an undoped layer of irrclium-gallium-alumi- 
num-pho^ide (InGaAlP) epitaxially grown on tt»e sur- 
face of carrier confinement layer 44 to a thickness in the 
range of approximately 100-1000 angstroms. Second is 
carrier confinement layer 48 is a layer of indium-gallium- 
aluminum-phosphide (InGaAlP) epitaxially grown on the 
surface of active layer 46 and doped (10^^-10^^) with 
zinc for P-tfpe semiconductivity. In this specific emkjod- 
iment, earner confinement layer 48 is grown to a thick- 20 
ness n the range of approximately 1000-8000 
an^oms. Conductive cap layer 50 is epitaxially ^own 
on ttie surface of carrier confinement layer 48 to a ttiick- 
ness in the range of approximately 200-1000 angstroms 
and is heavily doped (10^^) with zinc to make it a good 2s 
P+-type conducta. The molecular fraction of aluminum, 
x, in {Mj^ai.Jo.slno.sP of carrier confinement layers 44 
aid 48 is in ttie range of approximately 0.7 to 1 .0 and in 
ac«ve layer 46 is approximately 0.0 to 0.24. The Al com- 
po^on in active layer 46 and conductive layer 42, 30 
determhies the wavelength and the light emitted there- 
through, accorclingly, the Al composition of layer 42 
must be larger than layer 46. Rir simplicity of febricatlon 
in ttie specific exanple disclosed, the layers are epitax- 
ially grown as blanket layers over the entire substrate 35 
12, but it will be understood that other methods, includ- 
ing masking and selective growth or selective etching, 
can be utilized to provWe a plurality of areas necessary 
for the formation and definition of individual pixels. 

It wffl of course be understood that the various l£^- 40 
ers can be provided in many other forms and the 
present embodiment of an InGaAlP LED structure is 
cfisdosed because of the simplicity of formation. Also, In 
some embodiments additional layers may be provided 
for various special applications and it should be under- 45 
stood ttiat the disclosed structure is intended as an 
exsBnple of ttie basic structure of l.£D display array 14 
for pupos% of this disclosure and not as a limitation. 

In tMs method of fabrication of LED display array 
14, a first sbructure (not shown) for LED an-^ display so 
dtip 10 e disclosed in which cap layer 50 is selectively 
fonned an carria confinement lay» 48 by any of several 
wnl ioiown methods. For example, cap layer 50 is epi- 
taxislly grown as a bilanket iaya ar«j a plurality of areas 
are removed by some convenient method sudJ as etch- 55 
ing to eqxse the surface of canier confinonent layer 
4a 

It Witt <rf course be underetood that cap layer 50 
coiAl also be selectively grown <x deposited tiy masking 



the surface of carrier confinement layer 48. In either 
method, cap layer 50 does not significantly alter the 
planarity of the fxocess since it is only on the order of 
500 angstroHK thick. AddHional information and fu-ther 
disclosure on this type of light emitting diode anay and 
method of fabricatiai, as well as disclosed alternative 
entrodiments, is available in U.S. Patent No. 5.453,386, 
entitled "METHOD OF FABRICATION OF IMPLANTED 
LED", issued September 26, 1995, assigned to the 
same assignee, and incorporated herein by this refer- 
ence and its divisional application, now copending 
application, Serfal No 08/513,259, entitled 
"IMPLANTED LED ARRAY AND METHOD OF FABRI- 
CATION', filed August 10. 1995, assigned to the same 
assignee and incorporated herein by this reference. 

In another copending application entitled "ELEC- 
TRO-OPTIC INTEGRATED CIRCUIT AND METHOD 
OF FABRICATION", filed May 9, 1994, Ser. No. 
08/239,626, assigned to the same assignee, and incor- 
porated herein by this reference, and its divisional appli- 
cation, now copending application. Serial No. 
08/513,655, entitled "ELECTRO-OPTIC INTEGRATED 
CIRCUIT AND METHOD OF FABRICATION", filed 
August 10, 1995. assigned to the same assignee and 
incorporated herein by this reference, disclosed is a 
method of fabricating InGaAlP LED array structures, as 
illustrated in FIG. 3, utilizing mesa etched processing 
technology Specifically disclosed is a structure In 
which portions of cap layer 50, first carrier confinement 
layer 44, active layer 46 and second earner confinement 
layer 48 have been etched to form, or separate, mesas 
organized into a two dimensional anay or matrix of rows 
and colunms. The upper surface of each mesa in the 
array defines a light emitting area for a light emitting 
diode. 

As stated, any additional methods now known for 
the fabrication of LED arrays in an InGaAlP LED struc- 
ture, as well as those named above, can be utilized in 
the fabrication of the LED anay display chip 10 of the 
pr^ent invention. Throughout ttiis description refer- 
ences to rows and columns are made for simplicity of 
the disctosure but it will be understood by those skilled 
in the art. that these terms are completely interchange- 
able since rows and columns of a matrix or array gener- 
ally depend upon a physical orientation. 

Referring to FIG. 4, illustrated is a second step in 
the fabrication of the LED array and driver package of 
ttie present invention. Specifically, shown is LED array 
display chip 10 flip chip mounted to silicon (Si) driver 
chip 20. A layer of interchip bonding dielecfric adhesive 
52 is positioned between display chip 10 and cfriver chip 
20. In addition, it is disclosed in the alternative to use 
conventional solder bump direct chip attach (DCA) 
bonding well known in the art, such as C5 DCA technol- 
ogy to attach display chip 10 and driver chip 20. Addi- 
tional information and further disclosure on this type of 
light emitting diosie an-ay arKi driver package and 
method of fabricatiai, as well as disclosed alternative 
embodiments, is mailable in copending U.S. patent 



EP0785 580 A2 



10 



apj*ation entitled. "LED DISPLAY PACKAGING WITH 
SUBSTRATE REMOVAL AND METHOD OF FABRICA- 
TION", fied of equal date herewith, assigned to the 
same assignee, and incorporated herein by this refer- 
enoa s 

In the assembly process. LED display chip 10 is 
inverted so that an uppermost surlace 13 of LED array 
display chip 10, having connection pads 16, formed 
about the perimeter of disfHay area 18, is placed in a 
downward position and connection pads 16 are posi- w 
tioned to each proximately align with a separate con- 
nectfon pad 28. formed on Si driver chip 20, when LED 
display *ip 10 and Si driver chip 20 are properly regis- 
tered, priw to interconnection. As previously stated, a 
layer of interch«> bonding dielectric 52 is deposited 75 
betwewi LED an-ay display chip 10 and Si driver chip 
20. Wercf^ bonding dielectric 52 serves to electrically 
isolate and mechanically txind display chip 10 and 
driver cfi^ 20 as well as serve as an etch protect layer. 
It is disclosed that interchip bonding dielectric adhesive 20 
52 may be an ^xy, polyimide, or other organic or inor- 
garacdidectric adhesive material. 

f^erring to FIG. 5, illustrated is a simplified, partial 
cro^-secBonal view, further showing LED anay display 
chip 10 fli>chv} mounted to driver chip 20 of the present 25 
inwrtion. Subsequent to the flip chip attachment of 
LED array display chip 10 to Si driver cNp 20, subtstrate 
12 {ra* shown) of LED array display chip 10 is selec- 
tiv^y removed using conventional etching techniques. 
For in^nce, substrate 12, formed of undoped GaAs, is 30 
etdM using wet etching techniques, or any alternative 
et(Mng tecTmique utilized in the art. In the alternative, 
as prewou^y stated, an LED structure having formed 
therem a release layer, could be utilized in which the 
release layer is selectively etched away, thereby sepa- 35 
rating siijsbate 12 from the remaining LED epilayer 
strudure. Once the GaAs substrate is removed, an 
indium-gallium-aluminum-phosphide (InGaAlP) epilayer 
54 is M ranaining, composed of the now exposed etch 
stop layer 41 , as well as the exposed connection pads 40 
16 located sboiA the perimeter of display area 18. The 
ligfrt ensfted t>y the LED anay display chip 10, is now 
entitled imm the back surfece of LED array display chip 
10 wWch is now the front surface of the LED display and 
(Mver package of the present invention. It is further dis- 45 
dosed during the formation of LED array 14 to form a 
pluality of LED contact metallizations 56, composed of 
a reftecttve metal, to r^lect the emitted light into the 
viewmg cfrection. This use of reflective metal will aid in 
eliminating lateral cun-ent crowding and will allow dis- so 
play diip 10 to provide approximately doifcle the power 
output due to the optical reflection. 

The removal of substrate 12 allows for the emission 
of light from what was initially the back of display chip 
10. As jyeviously stated, this formation of the package ss 
inpw^ display performance by allowing higher lumi- 
nance and large pixel fill factors due to the absence of 
Hghtbtoddng metal line interconnects. 

Referring to FIG. 6, a sinplified, partial crc»s-sec- 



tional view of a complete light emitting diode display and 
driver chip package 60 of the present invention is illus- 
trated. Shown is the final step in the formation of LED 
display and driver chip package 60 of the pr^ent inven- 
tion. Specifically, a plurality of vias 62 are etched into 
bonding dielectric layer 52 to expose drive chip connec- 
tion pads 28. A plurality of pattern metal interconnect 
lines 64 are formed between connection pads 16 of dis- 
play chip 10 and connection pads 28 of driver chip 20. 
This type of wafer level processing allows for photo pat- 
terned mass interconnection of a whole wafer of display 
assentilies with two photosteps and for the formation of 
small pads on both the display chip and the driver chip 
by using photolithography 

Thus, a new LED array display chip and driver 
package and method of fabricating an LED array 
together with its drive electronics which overcomes 
many of the prevalent problems is disclosed. The new 
and improved method of fabricating LED array and drive 
electronic packages is simpler and more efficient than 
ottier methods and is easily adaptable to high produc- 
tion levels. Further, the new and improved method of 
^ricating the package provides for packaging of the 
LED anay display chip 10 and Si driver chip 20 using 
wafer level processing techniques. 

Hie various steps of the method disclosed have 
been performed in a specific order for purposes of 
explanation, however, it should be understood that vari- 
ous steps of the disclosed method may be interchanged 
and/or combined with other steps in specific applica- 
tions and it is fully intended that all such changes in the 
disclosed methods come within the scope of the claims. 

While we have shown and described specific 
embodiments of the present invention, further modifica- 
tions and improvements will occur to those skilled in the 
art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in the appended claims to cover all modifica- 
tions that do not depart from the spirit and scope of this 
inventfon. 

Claims 

1 . A method of fabricating a light emitting diode dis- 
play package comprising ttie steps of: 

providing a display chip (10), having a sub- 
strate (12) with a major surface; 
fomting an array of light emitting diodes (14) on 
the major surface of ihe substi^te (12); 
providing a driver chip (20) formed on a sub- 
strate (24); 

mounting the displ^ diip (1 0) to the driver chip 
(20); 

sel«;tively removing the substrate (12) from 
the dispfay chip (10); and 
elecWcally interfadng the display chip (10) to 
tfie driver cNp (20). 
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2. A metlTOd of fabricating a light emitting diode dis- 
play package as claimed in claim 1 wherein the step 
of elec^ically interfacing the dis(^ay chip (10) to the 
driver (20) Is further characterized by forming a 
pkir^ of bond pads (1 6), in electrical cooperation 5 
wift the array of light errstting diodes (1 4) arKi form- 
ing a plurality of bond pads (28), in electrical coop- 
erato with the drive components (22), 
cot^ratively positioned to engage the bond pads 
(16) of ttie array of light emitting diodes (1 4). to 

3. A meiiod of fabricating a light emitting diode dis- 
play padrage as claimed in claim 2 wherein the step 
of fornftig a plurality of bond pads (1 6). in electrical 
cooperafion with the array of light emiHing dkxies is 
(14). is father characterized by positioning the 
bond pals (1 6) about a perimeter of a display area 
(18), defined by the array of light emitting diodes 
(14) of the display chip (10), and the step of forming 

a plurality of bond pads (28), in electrical coopera- 20 
tion with the drive components (22), is further char- 
acterized by routing the bond pads (28) to an 
uppa-mcKt surface of the driver chip (20), coopera- 
tively positioned to engage the bond pads (16) of 
ttie aimy of light emitting diodes (1 4) utilizing metal 25 
intachip irtferconnections. 

4. A tight emitting diode display package comprising: 

an array of light emitting diodes (1 4), having an 30 
initially present substrate (12), selectively 
removed, forming a light emitting diode device 
(10) having a defined display area (18); 
a plurality of bond pads (16), formed in electri- 
cal cooperation with the array of light emitting 35 
criodes(14); 

a driver device (20) formed on a substrate (24), 
having a plurality of drive components (22) 
formed therein, flip chip mounted to the light 
errattir^ diode device (10); 40 
a ptursiity of bond pads (28), formed in electri- 
cs cooperation witti the driver device (20); and 
a means fbr electrically connecting the bond 
pate (16), in electrical cooperation with the 
array of light emitting diodes (14), positioned 45 
about a perimeter of the display area (1 8) of the 
iS^ emitting diode device (10), to the bond 
pads (28) formed in electrical cooperation with 
«» cWver device (20) and routed to an upper- 
n»st surface (26) of the driver device (20). so 

5. A light emitting diode di^lay padoge as claimed in 
claim 4 wherein the light emitting diode device (10) 
is fcirttier characterized by a plurality of layers of 
mata-fa) formed on the substrate (12) including at 55 
least m rtdi stop layer (41) of material supported 

on a m^or surface of the substrate (12), a conduc- 
tive fa^ (42) on the etch stop teyer (41 ), a first car- 
rier confinement layer (44) on the conductive layer 
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(42), an active layer (46) on the first earner confine- 
ment layer (44), and a second earner confinement 
layer (48) on the active layer (46). 

6. A light emitting diode display package as claimed in 
daim 5 further characterized by impurities residing 
in ttie plurality of layers (rf material (41, 42, 44, 46, 
48) so as to separate the plurality of layers of mate- 
rial (41, 42. 44, 46, 48) into a plurality of isolated 
light emitting diodes positioned in a matrix of rows 
and columns and to iotm a plurality of vertical con- 
ductors through at least some of ttie plurality of lay- 
ers to provide surface contacts to each diode in the 
array 

7. A light emitting diode display package as daimed in 
daim 4 further characterized by the plurality of bond 
pads (16) in electrical cooperation with the array of 
light emitting diodes (14) being positioned about a 
perimeter of the display area (18) of the light emit- 
ting diode device (10) and the plurality of bond pads 
(28) in electrical cooperation with the driver device 
(20) being routed to an uppermost surface of the 
driver device (20). 

8. A li£^ emitting diode display package as daimed in 
daim 4 wherein tfie means for electrically connect- 
ing the bond pads (16) positioned about a perime- 
ter of ttie display area (1 8) of the light emitting diode 
device (10) and the bond pads (28) routed to an 
uppermost surface of the driver device (20) is fur- 
ttier characterized by flip chip attaching the light 
emitting diode device (10) to ttie driver device (20), 
using wafer level processing interconnects. 

9. A light emitting diode display package as daimed in 
daim 8 wherein \he means for electrically connect- 
ing ttie bond pads (16, 28) is further characterized 
by a plurality of vias etched into the non-conductive 
matffl-ial (52). ttiereby exposing the bond pads (28) 
in electrical cooperafion witti the drive components 
(22). 

1 0. A light emitting diode display package as daimed in 
claim 4 further characterized by a layer of non-con- 
ductive material (52) positioned in an area defined 
between ttie light emitting diode device (10) and ttie 
driver device (20). 
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